Fluorescence micro-spectroscopy study of individual photosynthetic membrane vesicles and light-harvesting complexes.
Single-molecule spectroscopy, by getting rid of unwanted ensemble averaging effects, has proved to be a very valuable tool in the research of individual photosynthetic light-harvesting (LH) complexes. However, to learn about real photosynthetic processes the minimal unit to study is a single photosynthetic membrane complete with all elements of its machinery. In the present work, the fluorescence spectra of excitons in lone intracytoplasmic (IC) photosynthetic membrane vesicles of the wild type purple bacterium Rhodobacter sphaeroides that involve peripheral (LH2) and core (RC-LH1-PufX) antenna pigment-protein complexes were investigated at ambient temperature under continuous-wave laser excitation into the Q(x) absorption band of the bacteriochlorophyll-a (BChl) chromophores at 594 nm. In parallel, the spectra of mutant membrane vesicles occupied by just one type of complexes (either LH2 or RC-LH1-PufX) and the spectra of individual purified LH2 and RC-LH1-PufX complexes were measured. The fluorescence from full IC membranes shows a high sensitivity to excitation intensity, being varied over more than four orders of magnitude between 0.1 W/cm(2) and 2 kW/cm(2). At low to moderate excitation intensities, the spectra of IC membranes could be well reproduced by its component spectra, the ratio of the spectra related to peripheral and core complexes being the only adjustable parameter. The spectra of both intact chromatophores and individual membrane components recorded over 1-50 s experimental time frames are robust, strongly suggesting that large spectral fluctuations hardly play a role in the functional photosynthetic process. The significant, up to 14 times, variation of the LH2 and LH1 emission ratio observed in individual IC membranes could be related to variations in the stoichiometric ratio of the peripheral and core complexes. Evidence was found for the presence of LH2 parts that are detached from efficient energy transfer pathways. Upon strong and prolonged illumination, the membrane spectra reveal significant permanent modifications. These alterations, which mostly concern peripheral antenna complexes, were shown to be due to photo-oxidation of various numbers of BChl molecules in the B850 compartment of LH2.